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A  NOTE  ON  NITROGEN  RETENTION  FOLLOWING 
REPEATED  INJECTIONS  OF  NEPHROTOXIC 
AGENTS.* 
By HOWARD  T. KARSNER,  M.D., AND W.  DENIS,  PH.D. 
(From  the Laboratory  of Pathology  (Phillips Fund)  and  the Laboratory  of 
Biological  Chemistry  of  the  Harvard Medical  School,  Boston.) 
During  the  course  of  experiments  previously  reported  1  it  was 
considered advisable to try to produce a  subacute or chronic nephri- 
tis  by the  repeated  injection  of nephrotoxic agents  and  to  observe 
the effects of the repeated  injections on the amount  of non-protein 
nitrogen in the blood.  For this purpose uranium  nitrate and diph- 
theria  toxin  were  selected,  and  the  technique  detailed  in  the  first 
study was  followed.  The experiments  although  not  extensive  are 
considered of sufficient interest  to  justify  publication.  An  animal 
in  which spontaneous  chronic nephritis  had  occurred is  included  in 
the report because of the relation of this process to the experimental 
conditions  studied  and  because  of the  close relation  it bears  to the 
work  of  Folin,  Denis,  and  Seymour,  2  which  shows  that  in  human 
cases of chronic interstitial nephritis with hypertension it is possible 
to reduce the blood nitrogen practically to normal by the use of a  low 
protein diet. 
URANIUM  NITRATE. 
Cat 33.--Weight 2,670 gin.  Given 0.00025 gin. of uranium nitrate daily (about 
o.oooi gin. per kilo)  for 5 consecutive days; then given double this  dose  for 12 
consecutive days; then triple the primary dose  for 5 consecutive days; and then 
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quadruple  the  primary  dose  for  7  consecutive  days.  The  cat  lived  for  II  days 
more  and  was  found  dead  in the  cage on the  morning  of  the 4Ist  day.  It  was 
observed  for  41  days  and  received  a  total  of  o.o18  gin.  of  uranium  nitrate,  9 
times  the  dose  necessary  to  produce  a  marked  nephritis  in  a  4,000  gin.  cat. 
Albuminuria  appeared  to  a  slight  degree  on  the  3d  day,  becoming  marked  24 
hours after doubling the dose, and  continuing so until the dose was discontinued, 
when it became slight and  remained  so until  death. 
Time of bleeding.  Non-protein nitrogen.  Urea nitrogen. 
Before  injection (same  dy.)  43  mg.  28  rag. 
3d  dy.  of  experiment  43  mg.  27  mg. 
5th  dy.  40  mg.  25  mg. 
Dose  doubled 
7th  dy.  4o rag.  25  rag. 
9th  dy.  4o  rag.  26  mg. 
Ilth dy.  4o  rag.  25  rag. 
I4th  dy.  4I  mg.  25  mg. 
I6th  dy.  4I  mg.  22  rag. 
I8th  dy.  43  rag.  28  rag. 
Triple dose  (i8th  dy.) 
23d  dy.  53  mg.  36  mg. 
Quadruple  dose  (23d  dy.) 
25th  dy.  54  mg.  39  mg. 
28th  dy.  91  rag.  67  mg. 
3oth dy.  126  mg.  113  rag. 
Dose discontinued 
32d  dy.  160  mg.  125  rag. 
35th  dy.  I74  mg.  142  rag. 
39th  dy.  228  mg.  I9o  rag. 
Found  dead  on  the morning of the 4Ist  day. 
At autopsy  there  was  present  a  slight acute  valvulitis  (mitral),  probably  the 
mechanical effect of the frequent heart punctures,  a  chronic adhesive pericarditis 
from the same cause,  fat necrosis in the abdominal  fat, but an apparently normal 
pancreas.  The kidneys  showed  no change  except that  the glomeruli were  white 
and  prominent.  Histologically the  interstitial  tissue  shows  between  the  tubules 
of the cortex numerous  small areas of recent overgrowth, the nuclei being large, 
prominent,  and  vesicular.  The  glomeruli  show  a  normal  capsule  and  normal 
capsular  epithelium.  The  subcapsular  space  is  filled  with  a  hyaline  albuminous 
precipitate.  The vascular tuft occupies about the normal space in the glomerulus 
but  is  almost  devoid of blood;  the  endothelium  shows  extremely  large  frequent 
and  vesicular nuclei,  occasional  mitotic  figures,  occasional  lymphocytes  and  leu- 
cocytes and  a  well marked  increase  of collagenous  intercellular  material,  appar- 
ently  representing  thickened  capillary  walls.  Occasional  proximal  convoluted 
tubules  are  normal,  but  many  more  show  hyaline  casts  and  granular  detritus 
within  the  lumen;  in  these  tubules  the  epithelium  does  not  project  the  normal 
distance  above  the  basement,  is  narrowed,  but  shows  no  necrosis.  The  other 
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an  unusually  large  number  of  nuclei,  in  some  cases  there  being  two  and  even 
three nuclei  in what  appears  to  be a  single cell body,  although very  few  mitotic 
figures  could be found.  The blood vessels appear  to  be normal.  The  condition 
is interpreted as a  subacute diffuse nephritis. 
This  animal had  in  the beginning  functionally normal kidneys, 
which were also probably anatomically normal, for at the end of the 
experiment they showed neither grossly nor histologically the  fea- 
tures  of a  spontaneous chronic nephritis.  The .repeated doses  of 
uranium  nitrate  resulted  in  the  appearance  on  the  third  day  of 
albuminuria, which in this case can safely be interpreted as indicat- 
ing functionally at least the presence of a nephritis.  Not until after 
fifteen days had elapsed, however, was any demonstrable nitrogen 
retention  observed  and  then  after  four  daily  administrations  of 
triple the primary dose or o.ooo  3 of a gram of uranium nitrate per 
kilo, a single dose of o.ooo  5 of a gram being sufficient to produce a 
well marked nephritis  in  the  cat. z  This  moderate retention con- 
tinued until five days after the primary daily dose was quadrupled. 
For nine days after the drug was discontinued the nitrogen reten- 
tion increased, a period during which the nephritis functionally be- 
came more marked, but  in  which the  anatomical condition of the 
kidney, at least in so far as the epithelium was concerned, showed 
attempts at repair.  It is hardly probable that the drug was retained 
in the body during the twelve days following the cessation of admin- 
istration and hence the nitrogen retention and the final death of the 
animal must be  looked upon as the effects of the  artificially pro- 
duced nephritis, even though the course of the experiment appeared 
to  show nitrogen retention in  a  general way proportional  to  the 
dose of drug. 
DIPHTFIERIA  TOXIN. 
Three animals were given diphtheria toxin  4 in daily doses of o. I, 
o.25,  and o.5  of a unit per kilo respectively. 
Cat  34.--Weight  3,o5o  gm.  Given  subcutaneously o.3  of  a  unit of  diphtheria 
toxin  (about 0.I  of  a  unit per kilo)  daily  for  30 days  with the  exception of  the 
6th,  I3th,  and 26th  days,  making  a  total  of  27  injections,  or  8.1  units  of  toxin. 
Albuminuria appeared  on  the 7th  day,  after the administration of  a  total  of  x.5 
units of toxin, became marked  on  the  I3th  day,  after the animal had  received a 
3 Folin,  Karsner, and Denis, loc.  cit.,  p.  79o  (cat 3). 
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total  of  3.3 
chloroform. 
units of  toxin,  and  continued well  marked  until it  was  killed  by 
Time of bleeding.  Non.protein nifrogen.  Urea nitrogen. 
Before injection (same dy.)  35  mg.  I6 mg. 
4th dy. of experiment  37 rag.  2o mg. 
7th dy.  37 mg.  2o rag. 
9th dy.  35  rag.  I9 rag. 
Ilth dy.  36 rag.  I9 rag. 
I4th dy.  50 rag.  28 rag. 
I8th dy.  40 rag.  24  rag. 
25th  dy.  46 rag.  28 rag. 
3Ist dy.  4I  rag.  28  rag. 
The  autopsy showed  nothing notable grossly other  than  the  kidneys which 
were  small, firm,  and showed  slight depressions in the outer  surface along the 
lines of  the larger veins; the  cut surface  showed  almost no  striations and the 
glomeruli were prominent and red.  Histologically there is found no overgrowth 
of connective tissue about the  surface veins or in any other part of the kidney. 
The  glomeruli  show  well  marked  swelling of  the  capsular  epithelium, and  in 
many cases  slight proliferation of the cells,  but in no case are  there  found the 
crescentic  figures  of  chronic  capsular  disease.  The  vascular  tufts  are  filled 
with  blood  and although an  occasional migrating leucocyte is  found the  tufts 
are  practically normal.  The  subcapsular space  contains a  granular albuminous 
precipitate.  The proximal convoluted tubules are  normal except  for occasional 
small areas of  necrosis of  the  epithelium.  The distal convoluted tubules show 
much  formation of  hyaline droplets  in the  epithelial cells.  The  tubules other- 
wise show finely granular albuminous material in the lumina and the larger col- 
lecting tubules show  large numbers of  hyaline casts.  The blood  vessels  show 
nothing other than congestion.  The condition is a  subacute epithelial nephritis 
with a subaeute capsular glomerulitis. 
Cat 35.--Weight 2,850 gin.  Given subcutaneously o.7 of a  unit of  diphtheria 
toxin  (about o.25 of a unit per kilo)  daily/or 7 days.  Bled on the 3d, 5th, and 
8th  days.  Died  on the 8th  day as  the  result of  heart  puncture.  Albuminuria 
appeared on the 4th day and continued in considerable quantity until death. 
Time of bleeding.  Non-Pr0tein nilrogen.  Urea nitrogen. 
Before  injection (I  mo.)  41  rag.  24 rag. 
Before injection (3  wks.)  41  rag.  23  rag. 
In the interval the cat lost weight and was ill, 
but recovered about I  wk. before continu- 
ation of the experiment. 
Before injection (same dy.)  37  rag.  23  rag. 
48 hrs. after beginning of  injection  37 rag.  23  rag. 
96 hrs.  after beginning of  injection  37  rag.  I8 rag. 
I68 hrs.  after beginning of injection  I8O rag.  IJA rag. 
The  autopsy  performed  immediately  after  death  showed  nothing  notable 
grossly.  The kidneys show histologically a well marked acute change.  Through- 274  Nitrogen Retention. 
out the  organ  there  is a  distinct perivascular infiltration of  leucocytes, lympho- 
cytes, and  endothelial cells.  The glomeruli show  swelling,  desquamation  of  the 
capsular  epithelium,  and  occasionally  pyknosis  and  karyorrhexis.  The  subcap- 
sular  space  contains  granular  albuminous  material  and  desquamated  cells.  The 
capillary  tufts  although  containing  blood  show  endothelial  swelling,  an  occa- 
sional  mitotic  figure,  karyorrhexis,  and  many  leucocytes both  within  the  capil- 
laries and  infiltrating into the  tuft.  The tubules  show  slight albuminous  degen- 
eration,  particularly  in  the  distal  convoluted tubules,  and  the  collecting tubules 
show  a  few hyaline  casts.  The  blood  vessels  are  normal,  except  that  some  of 
the  smaller  ones  contain  an  excess  of  leucocytes.  The  condition  is  an  acute 
diffuse nephritis with the most marked change in the glomerulus. 
Cat 36.--Weight 2,27ogm.  Given subcutaneously 2.5  units of diphtheria toxin 
(about  0.5  of a  unit  per  kilo)  daily  for  5 days.  Bled on  the  3d  and  5th  days. 
Albnminuria  on  the  3d  day,  continuing  until  death.  Found  dead  in  cage  on 
the 6th  day. 
Time of bleeding.  Non-protein nitrogen.  Urea nitrogen. 
Before injection  (same  dy.)  5o  rag,  38  rag, 
48 hrs after first injection  40  rag.  26  rag. 
93 hrs.  after first injection  222  rag.  182  rag. 
The autopsy  showed nothing notable  grossly.  Histologically the  kidney  dif- 
fers  from that of cat 35 only in that there is  much less infiltration of leucocytes 
in the glomerular tuft and  in the perivascular tissue of the  organ. 
In cats 35 and 36 the repetition of doses produced a greater degree 
of  retention  than  the  single  dose  would  have  produced,  but  the 
notable  retention did not appear before the third  day, as  was  also 
the case with the cats reported previously, which had been given a 
single  larger  dose  of  toxin.  These  two  cats  had  a  severe  acute 
nephritis.  Cat 34  with smaller doses developed albuminuria a  full 
week before there  was  any nitrogen  retention;  the  retention  was 
then only slight and returned to normal in  four days, even though 
there  was  a  continued  albuminuria,  and  the  autopsy  showed  a 
nephritis  of  considerable  duration.  Anatomically  this  nephritis 
with its slight retention differed little in extent of involvement from 
that seen in the other two cats, although the functional powers were 
widely different.  The  length of time  occupied in  the  experiment 
with cat  34  was  more than  sufficient  for  the  development of  im- 
munity; hence the metabolic effects of the later doses would prob- 
ably have little effect on protein catabolism and thus give less reason 
for calling on the kidney to excrete large amounts  of nitrogenous 
waste.  It would seem probable, therefore, that  in acute diphtheria Howard  T.  Karsner  and  W.  De~is.  275 
nephritis the large final accumulation of nitrogen is  dependent not 
only on the presence of the nephritis but to a large degree upon the 
increased protein catabolism. 5 
SPONTANEOUS  NEPHRITIS. 
Cat 37.--Weight 3,50o  gin.  On  first examination and  throughout the  experi- 
ment  the  animal  showed  distinct  albuminuria,  but  there  were  no  casts  in the 
urine.  A  diet of  8o  gin.  of  chopped beef  maintained a  fairly  constant weight. 
Since albuminuria was constant it  will not be  mentioned in the  following notes. 
Blood. 
Non-protein  Urea 
Date.  Weight.  Diet.  nitrogen,  nitrogen. 
Apr.  I5  3,500  gm.  80  gm.  meat  --  -- 
Apr.  I7  80  gin.  meat  69  35 
Apr.  25  80  gin.  meat  58  32 
Apr.  26  3,400  gin.  i6o gm.  meat  --  -- 
Apr.  27  I6O gin.  meat  63  38 
Apr.  29  I6o gm.  meat  66  50 
May  I  3,600  gm.  16o  gm.  meat  67  50 
May  3  50  gm.  rice,  25  c.c.  --  -- 
I5  per  cent.  cream 
May  7  Same  diet  54  40 
May  14  (Diarrhea)  --  -- 
May  I5  80  gin.  meat;  condition  --  -- 
cleared up 
May  2I  3,200  gin.  80  gm.  meat  72  56 
May  23  80  gin.  meat,  I  gm.  -- 
sodium chloride 
May  31  80  gin.  meat,  I  gin.  54  4  o 
sodium  chloride 
June  I  80  gin.  meat  -- 
June 22  Experiment terminated.  Animal  killed  with  chloroform. 
At  autopsy  the  heart  was  enlarged  and  had  a  distinctly thickened  endocar- 
dium.  The aorta  was  dilated  in  the  ascending part.  The  liver  showed a  fatty 
deposit in  the  centers of  the  lobules.  The  kidneys  were  normal  on  the  outer 
surface, but on the cut surface showed radial  streaks of connective tissue in the 
cortex, especially prominent near the pyramid. 
Histologically the gross  findings in  the  heart  and  liver  are  confirmed.  The 
kidney  shows  a  slight  overgrowth  of  connective  tissue  especially  about  the 
glomerular capsules and the blood vessels; associated in many places is moderate 
infiltration of lymphocytes. ' The glomerular capsules are  slightly thickened and 
the  capsular  epithelium is  normal.  The  subcapsular  spaces  contain  a  granular 
albuminous  precipitate.  The tufts  are  enlarged and  show a  distinct increase in 
5 Paton,  N.,  Dunlop,  J.  C.,  and  Macadam,  I.,  On  the  Modifications of  the 
Metabolism Produced by the Administration of Diphtheria Toxin,/our. Physiol., 
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the number  of nuclei;  there  is almost no  blood  in  the  tufts  and  the  collagenous 
material  is  increased  in  amount,  and  often  hyaline.  The  tubules  are  normal 
except that  there  is a  moderate  amount  of albuminous  precipitate  in the  lumina, 
the  distal  convoluted  tubules  show  thinning  and  increased  granulation  of  the 
epithelium,  and occasional hyaline casts  are  found  in the collecting tubules.  The 
condition  is  a  slight  chronic  diffuse  nephritis  with  slightly  greater  quantitative 
involvement of the glomerular tuft  than  of other parts  of the organ. 
This animal as it first came to the laboratory presented in notable 
degree the features of a  spontaneous nephritis.  Under the favor- 
able conditions of the laboratory the degree of nitrogen retention 
sank  considerably during the  course of  one  week,  and  then  with 
several days of excessive protein diet rose slightly, especially in the 
urea fraction.  Four days of extremely low protein diet resulted in 
a  decrease of the total non-protein nitrogen, but  still  with a  rela- 
tively high urea fraction.  The diet had to be discontinued because 
a  diarrhea developed.  Quite unexpectedly, a  week of normal diet 
resulted in an excessive accumulation of nitrogen, and then the addi- 
tion of sodium chloride in small quantities was  followed by a  de- 
crease in retained nitrogen.  This study is suggestive in connection 
with the studies of Folin,  Denis, and  Seymour,  6 but it is  not con- 
clusive.  The important facts demonstrated are that a mild chronic 
nephritis in the cat may be accompanied by a moderate retention of 
nitrogen, that the degree of retention is variable, and that moderately 
low and extremely low protein diets may be followed by a reduction 
in the non-protein nitrogen of the blood. 
SUMMARY. 
It is possible  by means of repeated injections of uranium nitrate 
to produce in the cat a subacute or chronic nephritis which can pro- 
gress to a  fatal termination and show in its course increasing accu- 
mulation of non-protein nitrogen inthe blood.  This nephritis dif- 
fers  only slightly  from the  spontaneous  chronic nephritis  of  the 
species.  Repeated  doses  of  diphtheria  toxin  produce  a  subacute 
form  of  nephritis  with  only  temporary or  slight  retention,  but 
nevertheless anatomically a well defined nephritis.  The spontaneous 
nephritis studied resembles more closely that produced by uranium 
nitrate than that  produced by diphtheria toxin  both  histologically 
and from the standpoint of blood analysis. 
6 Folin,  Denis,  and  Seymour,  loc.  cir. 